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Abstracts

Historical Account of the Research Related to EMF, Melatonin and Cancel

Reiter RJ. Departmenibf Cellular and StructuralBiology, The Universityof TexasHealth Scienc
Center;SanAntonio; TexasUSA.E-Mail: Reiter@uthscsa.edu

Thereare severalquestionshat mustbe answeredvhenresearchrelatedto the biological effect:
and potential health consequencesf electromagnetidield (EMF) exposuresare evaluated.The
tenetsof the melatoninhypothesisrely on the fact that artificially generatedEMF suppresghe
productof endogenousnelatoninand this reductionincreaseghe likelihood of cancer.The two
guestionghatmustbe answeredre:Do EMF exposures$o which humansareexposedsignificantly
attenuatenocturnalmelatoninlevels and, if they do, doesthe experimentalevidencesupporte
relationship betweenmelatonin and cancer?The first questionhas been extremely difficult to



answer Researclefforts, mostly performedusingexperimentalinimals,carriedout overthelast2C
yearshavefailed to providea definitive answerto this question Studiesusinghumanshaveyieldec
equally ambiguousresults.Over the courseof the 20 year periodthe exposuresystemshavebeel
elegantly refined and the measurementechniquesfor melatoninand its metaboliteshave beel
perfected.Many of the studieswere jointly conductedby biologistsand biophysicistswith grea
attentionbeingpaid to everyknown detail. Yet, despitetheseconcentrate@fforts, the role (if any’
of EMF in alteringthe productionand/orreleaseof melatoninremainsundefined.This hasprovec
frustratingto the scientistgperformingthe studiesandto the regulatorsvho weredependingon this
information to recommendexposurelimits. The secondquestion,i. €., is there an associatio
betweenmelatoninand canceris somewhateasierto answer.Data from a very large numberof
studiesover many yearshaveshownthat melatoninhasat leasttwo mechanisms$y which it car
reducecancerincidenceand/or growth. First, as a direct free radical scavengeand antioxidant
melatoninis now knownto protectnuclearDNA from oxidativedamageln doingso, it reduceghe
incidence of mutationsand the likelihood of cancer.The free radical scavengingactions of
melatoninare known to be receptorindependentSecondly,melatoninalsois knownto inhibit the
growth of adiversetype of alreadyestablishedumors;this actionis believedto involve membran
receptorsfor melatoninon the cells in question.Someof the mechanismsy which melatonit
reducescancergrowth havebeenidentifiedandincludetheinhibition of fatty aciduptakeby cance
cells which dependon thesegrowth factors for their livelihood. Thus, while melatoninis now
acceptedas an oncostaticagent,it remainsto be determinedwhether EMF exposuresactually
reduce melatonin synthesisor action to levels that an increasedcancerincidencewould be &
consequence.

The Melatonin Hypothesis: Circadian Disruption and Breast Cancer

StevensRG. UConn Health Center, University of Connecticut; Farmington; ConnecticutUSA
E-Mail: bugs@NEURON.UCHC.EDU

Breastcancerincidenceandmortality aremuchhigherin industrializedsocietieghanin developini
societiesandthe reasondor thesedifferencesare not well understoodOneideathatis receiving
wide attentionis the possiblerole of environmentakxposuresn inducing’endocrinedisruption’
Environmental exposuresthat disrupt human circadian hormone rhythms (i.e., ’circadiar
disruption’) may be an importantexampleof endocrinedisruption. The daily cycle of melatonit
concentrationin the blood is one of the signatureaspectsof circadianbiology; blood melatonit
level follows the solarcycle of terrestrialillumination andis high at nightandlow duringtheday. It
can be acutely suppressedby bright artificial light in the middle of the night. Melatonin plays g
critical role in reproductionamongseasonallybreedingmammals,and hasbeenshownto reduc
chemically-inducednammarytumorigenesisn rats. Low nocturnalcirculating melatoninmay be
relateddirectly to risk of breastcancer,or may be relatedthroughits impacton estrogenpr both

Among the mostprofoundenvironmentatonsequencesf electrificationof societieds exposurdo
light at night, andto light duringthe day of a differentcharactethansunlight.We havecomein out
evolutionary past from an environmentwith dark nights and bright, full spectrumdaysto ar
environmentwith lighted nightsin homesduring sleepand dim, spectrum-restrictetidays" inside
buildings where most people now work. Indeed, the "built environment"is the predominar
environmenin theindustrializedworld. Sincethe vastmajority of peoplein industrializedsocietie
work in buildings, and virtually all peoplesleepin buildings, the long-term health effect of the
indoor lighted environmentdeservesattention, particularly in terms of chronic disruption of
melatoninrhythms.



The effect of light on pinealfunctionin humanshasseveralfeaturesthat are relevantto potentia
long-termhealtheffects:1) the effectof light at night (LAN) is qualitativelysimilar to the effectin
other mammalsin that sufficient intensity of nocturnal illumination completely suppresst
melatonin production,2) some peopleare much more sensitiveto LAN than others,3) limited
evidencesupportdblue-green~508m) LAN asmosteffectivein reducingmelatoninproduction4)
there appearsto be a dose-response LAN; the brighter the light the greaterthe reductionin
nocturnal circulating melatonin, 5) light quality during the day appearsto affect night time
melatonin productionas well as the humancircadianpacemakerand 6) women may be more
sensitiveto the suppressiveffectsof LAN thanmen.

Electric Components - Missing Link between EMF and Cancer”

HenshawDL. H H Wills PhysicsLaboratory, University of Bristol; Bristol; United Kingdom
E-Mail: d.l.henshaw@bristol.ac.uk

We are examiningthe possibility that electric field interactionswith known carcinogensn air
pollution could explain the observedassociatiorbetweenhigh voltage powerlinesand childhooc
leukemia.l will review two recentpapersdescribingseparatemechanismsy which increase
exposureto airbornepollution (in the form of aerosol-sizegarticles)occursnear high voltage
powerlines(1,2) Powerlinecablescanionisethe air creatingso-calledcoronaions. Thesenucleat
ultrafine aerosolswhich subsequenthattachthemselveso larger pollutantaerosolparticlesin the
air. The latter may be carriedconsiderablalistancedrom the powerlineby the wind. A powerling

currentlossof 0.1 mA per metrecorrespondso 6.25x 101 ions per metreper secondpotentially
emitted into the atmosphereMeasurement®f coronaions were madenear 132 kV and othe
powerlines(1).Analysis suggestshat at headheight, typically 20% of pollutant aerosolseithe
becomechargedor carry excesselectric charge.On averagethe effect extendedto 200 metre:
downwindof powerlinesin onecasetheeffectextendednorethan500 metresfrom a275kV line.

Childhood leukemiais known to be associatedwith traffic pollution. When inhaled electrically
chargedaerosolsare more likely to be depositedin the lung comparedwith neutral aerosols
Thereafterthey may passinto the bloodstreamreachingbody organsgenerally,including bone
marrow. Near powerlinesincreasedung depositionof inhaled electrically chargedpollutantsis
expected.This phenomenorcould explain the observedassociationdetweenproximity to highr
voltage powerlinesand childhoodleukemia,eventhoughthe associatiorwith powerlinemagneti
fields appearsveak. The phenomenoralso suggestghat further researctshouldbe undertakerto
ascertainwhetherother cancerssuch as lung canceror non-canceillnessesare associatedvith
living near high voltage powerlines.Separatelywe have modelledthe increaseddepositionof
pollutantaerosolson the humanheadunderhigh voltage powerlinesand havemeasuredhe effec
experimentally using model heads exposedin a variety of weather conditions(2). Both the
theoreticalanalysisand the experimentaimeasurementshow that the depositionof radondeca’
productmarkeraerosolson modelsof the humanheadunderpowerlinesis increasedL.5 to 3-fold
comparedo controlheadsplacedawayfrom the powerline.We estimatethat the radiationdoseto
the skin from radondecayproductaerosolss increasedL.2 to 2-fold for a personspendingl 0% of
time outdoorsunderpowerlines,andthatin somecasesdosesto the basallayer of the skin coulc
exceedthe InternationalCommissionon RadiologicalProtection’slimit for membersof the public
of 50 milli-sieverts per year. This finding suggestghat there might be an increasedisk of skir
cancerin living underhigh voltagepowerlines.



1. FewsAP, DL HenshawRJWilding, PA Keitch: Coronaionsfrom powerlinesandincrease
exposureto pollutantaerosolsinternationalJournalof RadiationBiology 75 (1999) 1523 -
1531 (2)FewsAP, DL Henshaw,PA Keitch, JJ Close,RJ Wilding: Increasedexposureto
pollutantaerosolsunderhigh voltagepowerlines.InternationalJournalof RadiationBiology
75(1999)1505- 1521

Light Effectson Melatonin

Brainard GC. Departmenbf Neurology,ThomasleffersonUniversity; Philadelphia;Pennsylvani
USA.E-Mail: george.brainard@mail.tju.edu

It hasbeenhypothesizedhatincreasedisk of breastcancerin industrializedcountriesis partially
due to increasedexposureto electromagnetidields and light at night which reducesmelatonit
production.(1) To assesghis hypothesis,it is fundamentallyimportantto understandhow the
humaneye transducedight stimuli for melatoninregulation.In both animalsand humans,more
light is requiredto activatethe circadianand neuroendocrinsystemsthanto stimulatethe visua
system.Specifically,it is oftenthoughtthat bright light of atleast2500lux is neededo phaseshift
therhythmor acutelysuppressnelatoninsecretiorfrom the humanpinealgland.Whenexposureof
the humaneyeis carefully controlled,however illuminancesaslow as5 - 17 lux of monochromati
greenlight or 100lux of broadbandvhite light canproducesignificantsuppressiomf melatoninin
normal humanvolunteers.(2)To understandhow theselower illuminancescan regulatepinea
melatonin secretion,it is necessarnto examinethe ocular physiology that mediatesthis photic
effect. In humans,factorswhich can significantly alter the amountand spectralquality of light
reachingtheretinainclude: 1) gazebehaviorrelativeto alight source 2) the ageof the ocularlens
and 3) pupillary dilation. Oncea light stimulusreacheghe retina, physiologywithin the retinaanc
within the circadiansystemdetermineshe capacityof the stimulusto alter melatoninsynthesis
This physiologyincludes:1) the sensitivity of the operativephotopigmentsand photoreceptors?)
location of thesephotoreceptorsvithin the retina,3) the ability of the circadiansystemto integrat:
photic stimuli spatially and temporally and 4) the state of photoreceptoradaptation.Given the
increasingexposureof citizensto light during the nightin industrializedcountriesit is usefulfrom
both a scientificaswell asa clinical perspectivedo elucidatethe specific photosensoryphysiolog
in the eyewhich mediategnelatoninregulation.This work wassupportedoy the following grants
NIH RO1NS36590;FDA #785346,NASA #NAGW 1196, and the PhiladelphiaChapterof the
llluminating EngineeringSociety.

1. StevensRG, S Davis: The melatonin hypothesis: electric power and breast cancel
EnvironmentaHealthPerspective404(1996)135- 140

2. BrainardGC, MD Rollag, JP Hanifin: Photicregulationof melatoninin humans:ocularanc
neuralsignaltransductionJournalof Biological Rhythms12 (1997)537 - 546

Melatonin and Cancer: Experimental and Clinical Aspects

BartschC, H Bartsch,D Mecke.Centerfor Researchn Medicaland Natural Sciencesnd Institute
of Physiological Chemistry, University of Tubingen; Tubingen; Germany. E-Mail:
christian.bartsch@uni-tuebingen.de



Surgicalremovalof the pineal gland (pinealectomy)in experimentalanimalsstimulatesprimary
tumour growth aswell as metastaticspreadwhereasadministrationof pineal extractsinhibits the
malignantprocessPinealectomyalsoacceleratesell divisionin a numberof normaltissuesThes:
findings point to an importantrole of the pinealglandin the regulationof normaland abnorme
growth leadingto the questionwhetherthis phenomenorctan be attributedto melatoninaloneor
not. Sincethe administrationof melatoninto tumour-bearinganimalsis not inhibitory in all case
whereaspinealectomystimulatessuchtumoursit is clearthat the pineal control of cell growthin
some casesis exertedindependentof melatonin. The inhibitory action of melatoninis mos
pronouncedn caseof thosetumoursthat are controlledby neuroendocrinenechanismsnvolving
prolactin aswell asthe estrogenresponsesystem.In this casethe presenceof membraneand/o
nuclear melatonin receptorsis an indispensableprerequisite.In addition, the pineal hormonu
inhibits liver tumoursvia a melatoninreceptor-mediateéffect on the metabolismof unsaturate
fatty acids.Due to its stimulatoryactionon immunecellsit is likely that melatoninmay inhibit
tumour growth via this systemwhich at the sametime explainswhy experimentaleukemiasare
aggravatedby melatoninadministratiorandinhibited by pinealectomy.

Thesedivergenteffects of melatoninon different types of malignancyillustrate an apparentl
fundamentaleffect on cellular proliferation. Thereforeit is of considerableinterestto study
melatoninand its biosynthesisn patientsor in tumour-bearinganimals.The currentresultsshow
that circulating nocturnal melatonin undergoesdynamic changesduring different phasesof
malignancybeinglow duringlocalizedprimarytumourgrowthin patientswith breastendometria
prostatejung or stomachcancerandnormalor elevatedvhenrecidivesor metastasearisein them
Accordingto our clinical studiesthe depressiorof melatonincannotbe attributedto an enhance
hepatic degradationof 6-sulfatoxymelatonin,its main metabolite. Studies on tumour-bearin
animals show that the biosynthesisand secretionof pineal melatoninis normal leading to the
assumptiorthat melatoninmay ratherbe trappedand/ordegradedy cancercells. The summarize
findings indicate an important but at the same time complex role of melatonin in the
neuroimmunoendocrineontrol of malignancy probably constituting a central part of the link
betweernthe pinealglandandcancer.

ReducedCancerIncidenceamongthe Blind in Sweden

Feychting M. Institute of EnvironmentalMedicine, Karolinska Institutet; Stockholm;Swedet
E-Mail: Maria.Feychting@imm.ki.se

Melatoninis a hormoneprimarily producedby the pineal gland at night, which is suppressedy
exposureto light. Experimentalstudieshave indicatedthat melatoninmay protectagainstcance
developmentand different mechanismdor this effect have beensuggestedReducedmelatonit
levelsincreasdhelevel of circulatingestrogenyhich would increasesusceptibilityto sexhormonu
related cancers.Furthermore,an oncostaticeffect of melatonin has been demonstratedSom:e
studieshaveindicatedan effectof melatoninon theimmunesystemandit hasalsobeensuggeste
that melatoninmay actasa potentantioxidantwhich meanghatmelatoninwould havea protective
effect againstcancerdevelopmenin general.The majority of totally blind people,with no light
perception,have a free running melatonincycle, with a period slightly exceeding24 hours, anc
melatoninis neversuppresseby light exposure.

The aim of this studywasto testthe hypothesighat totally blind peoplehavea decrease@¢ance
incidence.We identified a cohort of 1,567 totally blind and 13,292 severelyvisually impairec
subjectsln the severelyvisually impaired,but not blind peoplewe did not hypothesizea decrease



risk of cancerdevelopmentWe assumedhat, becausethey perceivelight, they would have g
melatonincycle similar to sightedpeople We obtainednformationaboutcancetincidencefrom the
SwedishCancerRegistry.A total of 136 cancercasesvereidentifiedin thetotally blind cohort,anc
1,709in the visually impaired cohort. We calculatedstandardizedncidenceratios basedon the
numberof personyearsandnationalage,sex,andcalendaryearspecificincidencerates.

The resultsof the study showedthat totally blind peoplehad a lower incidenceof all cancer
combined(SIR=0.69;95% Cl 0.59-0.82) Therisk reductionwasobservedn bothmenandwomen
andwasequallypronouncedn hormonedependentumorsasin othertypesof cancerFor specific
cancersites,the numberof casesvastoo smallto allow firm conclusionsApart from genderage
andtime period,we hadno information aboutpotentialconfoundingfactors.Separatenalysesof
smoking relatedcancersand cancersnot relatedto smokingindicate that differencein smoking
habitsbetweerblind andsightedpeoplecannot explainthe findings. In severelyisually impaired
SIRwas0.95(95%Cl 0.91-1.00).

The findings supportthe hypothesisthat blind peoplehave a lower cancerincidence.However
other explanations than the higher melatonin exposure must also be consideres

Visual Impairment and Cancerin Finland

VerkasalolPK, E Pukkala2,RG Stevens3M Ojamo4, SL Rudanko4.1 Departmentof Public
Health, Universityof Helsinki; Helsinki; Finland. 2 Finnish CancerRegistry;Helsinki; Finland. 3
Pacific NorthwestNational Laboratories;Richland;WashingtoJSA.4 Finnish Registerof Visua
Impairment;Helsinki; Finland. E-Mail: verkas@icrf.icnet.uk

In personswith intact vision, pineal secretionof melatoninis highestearly in the morning anc
reducesfollowing exposureto light. Melatonin may possessanticarcinogenigroperties,so tha
increased exposuresto light-at-night may decreasenocturnal melatonin secretion and thus
contributeto the observedincreasesn breastcancerincidencerates.It hasbeenreasonedha
womenwho are profoundly blind, and thereforenot susceptibleto light-at-night, should have g
reducedisk of breasttancercomparedvith thosewith intactvision. Onthe otherhand,few studie:
have investigatedlife-styles of visually impaired persons.The objectivesof this study were to
investigatecancerrisk patternsn personswith visualimpairmentsandin particularto explorethe
hypothesighat womenwith visual impairmentmay havedecreasedreastcancerrisk. Altogethe
17,557suchpersong65%women)wereidentifiedfrom the FinnishRegisterof Visual Impairment
and followed up for cancerthroughthe Finnish CancerRegistryin 1983-95.The degreeof visua
impairmentsrangedfrom moderatdow vision with visual acuity lessthan0.3, into total blindnes
with no perceptionof light. The standardizedncidenceratios (SIR) and 95% confidenceintervals
(CI) were calculatedby primary site and degreeof visual impairment,basedon averagecance
incidenceratesin generalFinnishpopulation.

The overall cancerrisk wasincreasediy 15% (1255 cancersobservedversus1093expectedSIR
1.15;95% CI 1.09-1.21).Excessesvere observedn both sexesin cancersf theliver (SIR 1.76
95% ClI 1.19-2.51)andlung (1.48; 1.26-1.72);in femalesin cancersof stomach(1.50;1.17-1.88’
colorectum (1.3, 1.1-1.6); and in malesin cancersof the kidney (1.77; 1.13-2.62),eye (5.76
1.87-13.44)and perhapsskin melanoma(1.75; 0.93-2.99). Contrary to most other cancers,z
statistically significant decrease(P=0.04 for trend) was observedfor breast cancerrisk by
increasingdegreeof visualimpairment.



Cancerincidence among the visually impaired tendedto be increasedfor most cancertypes
attention should be paid to lifestyles perhapsunderlying the observedrisk increases.The
statistically significant decreasan breastcancerrisk by increasingdegreeof visual impairmen
suggests a dose-responserelationship between visible light and breast cancer risk.

Winter Darkness in the Arctic - Cancer in the Light of the Melatonin
Hypothesis

Erren TC, C Piekarski. Institut und Poliklinik fir Arbeits- und Sozialmedizirder Universitat zL
Kdln; Kdln; Germany E-Mail: tim.erren@uni-koeln.de

The melatoninhypothesisstatesthat excessexposureto environmentallight may contributeto
breastcancerrisks via impaired pineal secretionof melatonin.(1,2) A corollary, not considere
previously, is that a net annualincreasein oncostaticmelatoninwould be expectedin person
experiencingdeficits of daylight during long winter days. Hormone-dependentancersshoulc
thereforeoccurlessfrequentlyin peoplewho residenorth, ratherthan south,of the Arctic circle
We have revieweddescriptiveepidemiologicdataon cancerincidenceduring 1960 and 1988in
GreenlandnorthernAlaska,andthe northernpart of the Canadiarmainland.They showa pattert
of uniformly low risksfor hormone-dependertncerconsistentvith our prediction.SMRsor SIRs
rangedbetweerD.2and0.5for breastcancerwere0.9 or lessfor cancerof theovaryand0.3or les:
for cancerof the corpusuteri, and rangedbetween0.1 and 0.7 for prostatecancer.However
tobacco alcoholanddietrelatedcanceriskswerehigh. Thelatterobservationsuggesthatthelow
incidenceof hormone-dependertncerss unlikely to be explicablesimply in termsof indigenou
nutritional and life-style factors. Moreover,the availableliterature on genetic,reproductive,anc
environmentalisk factorsprovidesno obviouscluesto the observecdtancerpatterns\We notealsc
that melatoninconcentrationsn volunteerswho live in the arctic part of Norway andin northeri
Finland have been reported as high during the dark season(November-January)when light
intensityis low. Thistoois consistentvith our prediction.

Conspicuougleficitsin particularcancersn the Arctic havebeennotedpreviously.However,this
hasnot beendiscussedn relationto a possiblemelatonin-relategbrophylacticeffect. We conclud:
that researchinto diurnal, nocturnaland annual melatonin patterns,and analytic epidemiologi
studies of the low-risk populations in the Arctic, might provide new insights into
hormone-dependegarcinogenesis.

1. CohenM, M Lippman,B ChabnerRole of pinealglandin etiology andtreatmentof breas
cancerlLancetl0(1978)814- 816

2. StevensRG: Electric power use and breastcancer: a hypothesis.American Journal of
Epidemiology125(1987)556- 561

Laboratory  Studies on Magnetic Fields, Melatonin and Cancel

Ldscher W. Departmentof Pharmacology,Toxicology, and Pharmacy, School of Veterinan
Medicine;Hannover;Germany E-Mail: wloscher@pop.tiho-hannover.de

A subjectfor controversyfor 20 yearshasbeenthe questionof whetherexposurdo magnetidields



(MFs) posesany healthrisk. The strongestevidencefor health effects comesfrom associatior
observedin humanpopulationsbetweenexposureto power-linefrequency(50 or 60 Hertz) MFs
and cancer,particularly childhoodleukemia.ln 1987, Stevenspresentedh hypothesighat use of
electric power may increasethe risk of breastcancer.This hypothesisvas basedon a numberof
experimentaleportsindicatingan effect of light andpowerline-frequency50 or 60 Hertz) electric
fields on pineal melatoninproduction,and on the relationshipof melatoninto mammary(breast
carcinogenesiddowever,at the time whenthis hypothesisvaspresentedt wasnot knownwhethe
50/60-Hertz magneticfields (MF) affect pineal melatonin productionin experimentalanimal:
and/or humans. Furthermorethere was no experimentalevidencefor increasedbreastcance
developmentor growth in responseo MF exposure.This promptedus to carry out a seriesof
experimentdesignedexpresslyto testthe "melatoninhypothesis'of MF-promotedbreastcance
developmenandgrowthin femalerats.

In this seriesof experimentsywhich wasstartedshortly afterthe publicationof Stevensn 1987,we
studiedwhether50-HertzMFs of low flux density(1-100mTesla;mT) enhancéumordevelopmer
or growth in the DMBA (7,12-dimethylbenz(a)anthracernapdel of breastcancerin femalerats
The dosing protocol of the chemical carcinogenDMBA chosenfor the MF experiments(i.e.
intragastric application of 4x5 mg DMBA per rat with intervals of one week betweeneacl
application)inducedpalpablemammarytumorsin about40-60% of sham-exposedontrolanimal
within 3 monthsafter application.For the MF experimentsgroupsof 36-99ratswereexposedo &
50-HertzMF for 24 h/day7 days/weekor 13 weeks;controlgroupsweresham-exposednderthe
sameenvironmentakconditionsasthe MF-exposedats. Four flux densitieswere studiedin a tota
of 660 rats (including sham-exposedontrols):0.3-1mT, 10 mT, 50 mT, and 100 mT. Already 8
weeksafter DMBA application MF-exposedatsexhibitedsignificantly more palpabletumorsthar
sham-exposednimalsin the experimentsvith 50 and100 mT. At necropsyij.e., at the endof the
13 weeks period of MF-exposure,incidenceof grossly recorded(i.e., macroscopicallyvisible)
mammarytumorswassignificantly enhancedn the experimenwith 50 mT (25.5% abovecontrol
and100mT (50%abovecontrol).No increasén mammarytumorswasseenn the experimenivith
0.3-1 mT, while a 10% (non-significant)increasewas determinedn the experimentwith 10 mT.
Linear regressioranalysisof the datafrom the 4 experimentsndicateda highly significantlineal
relationbetweerflux densityandincreasen numberof grosslyrecordednammarytumorsat time
of autopsyA replicationof the experimentwith 100 mT againresultedin a significantincreasdn
tumor incidencein MF-exposedats. Furthermorejn a morerecentexperimentwith a lower dost
of DMBA (10 mg per rat) but longer duration of MF exposure(27 weeks)we again found &
significant increasein mammary cancer growth in MF exposedrats. Collectively, the date
demonstratehat long-term MF exposureof DMBA-treated female rats promotesthe growth of
mammarytumorsin a highly dose-relatedashion, thus substantiatinghe melatoninhypothesis

Problemsin Replication of Experimental Studies

Anderson LE. Battelle Northwest Laboratories; Richland; Washington USA. E-Mail:
larry.anderson@pnl.gov

A long-standinchallmarkfor wide acceptancef scientific studyresultshasbeenthe replicationof
the original work in otherlaboratories Suchconfirming researctprovidesa basisfor establishin
the validity of the initial findings. In the eventthat replication of resultsis not obtained,the
challengeis then to determinethe reasonsfor differing results. A strong benefitin replicatior
efforts is attainedwhenthereis communicatioror evenscientificandpersonnekxchangeetwee
the original andreplicatinglaboratoriesTherearea numberof key issuesthat arecritical in study



replicationefforts:

ExperimentalApproach- Providingthe initial work is describedn adequateletail, any attemptai
replicationshouldfollow the sameexperimentatiesign.

Environment- In both in vitro and in vivo replications careful attention should be given to
environmentafactorssuchas:temperaturetiming, quantity and quality of lighting; comparabilit
of exposuresystems.

Reagentsand Other Consumables Large differencesin responsesanbe dueto feed content(for
animals)and mediacomposition(for cells). Methodology- Cell cycling and samplingtimes are
important variables that can directly impact replication success.In addition, proper controls
(positive and negative)will aid in interpretationof results(eitherin supportor refutationof the
original results).StatisticalAnalysis and Data Interpretation- Initial analysesshouldreplicatethe
approachusedin the original work. In somecasesadditionalor enhancedtatisticaltreatmenimay
benefittheinterpretatiorof results.

As an exampleof the challengesof replication, studieshave been conductedwherein animal:
treatedwith DMBA were exposedto extremelylow frequencymagneticfields. Dr Ldscherha:s
describedhe original studiesshowingan increasén mammarycarcinogenesis animalsexpose
to the fields. An attemptat replicationwas conductedn a separatdaboratory(Battelle Northwes
Laboratories) Resultsobtainedin the Battelle experimentdid not replicatethoseobtainedin the
original studies.Potentialmitigating factorsbetweenthe two studieswill be exploredfor possibl
explanationgo thediffering results.

Extremely Low Frequency Magnetic Fields (b=100ut) Affect the Microvesicle
Velocity and Expression of Adhesion Molecule CD44s in Rat Astrocytes

Funk RHW, C Schiiler,H Bauer, A Hofer, M Thimmler, F Golfert. Institut fir Anatomie
Medizinische Fakultat, Technische Universitdt Dresden; Dresden; Germany. Institut fur
Elektroenergieversorgung,Technische Universitat Dresden; Dresden; Germany. E-Mail:
rhwfunk@rcs.urz.tu-dresden.de

Introduction: The effect of extremelylow frequencymagneticfields (MF) was examinedin rai
astrocytedooking at parametersvhich werefound to be indicatorsof cell stress.The velocity of
intracellularvesicletransportreflectsthe overallmetabolicsituationin acuteexperiments.

In caseof environmentalstresslike hypoxia, cells react with a downregulationof prolongei
adhesionmolecules.Since adhesionmoleculesplay an importantrole in tumor metastasisanc
inflammation, we testedthe changesin expressionof the adhesionmolecule CD44s after MF.

Materialandmethods CD44sin rat astrocytesvere examinedoy meansof immunohistochemistr
flow cytometryandlaserscanningnicroscopy.Primary culturesof rat astrocytesvere exposedo
MF (f=50 Hz) in a gasechumideincubatorfor differentperiods(T=1.5d,3d, 7d) anddifferentfield
strengths(B=100/200uT). The vesicle velocity was analyzedby video enhancedmicroscopyin
combinationwith a perfusablecell chamberWe havetestedthe MF-effect, the effectof heatshocl
(37°C/45°C)and the combinationof both. The velocity of microvesicleswas measuredising &
public domainimage processingsoftware (NIH Scionimage 1.61). Results: After exposureof



astrocytego MF (T=1h) the velocity of microvesicledn astrocytesncreasedo 128% (numberof
vesicles=175, 95% confidenceinterval) of the untreatedcontrol group. Fifteen minutesafter HS
(45 °C, 10 min) the microvesiclesshoweda 69% higher averagedvelocity than the untreate
control (numberof vesicles=12595% confidenceinterval). Combinationof HS and MF led to &
75%increasean velocity (numberof vesicles=11095%confidencanterval).

We havefound a reversibleMF-effecton CD44s,which dependsn doseandtime. The expressio
of theadhesiomrmoleculeCD44sin astrocyteslecreasedftera 7d-exposureo 63% (200uT) andto
67% (100 uT) of the expressionn noneexposedcells (control). The downregulationof CD44:
could be seenafter 36 h (-18%) andwasreversibleafter 5d. Changeof the surface(glassflasks
leadsto anstrongerdownregulatiorafter MF-exposurg-30%)in comparisorio thedownregulatio
on perspeXlasks.

Discussion:The increasedmicrovesiclevelocity of the exposedcells comparedto the untreate
control groupmight be a stresgesponsef the cell. Possibly,it is a signof intensifiedintracellula
traffic to adjustthe metabolicneedsf thecell organelles.

Thereis a controversialdiscussioraboutMF andtheir role asa promotorfor neoplasticdisease
Different authorsfound that a higherexpressiorof CD44sis combinedwith a higherinvasivenes
of gliomas. And therapeuticsuppressiorof CD44 expressionin gliomas had also beentestec
Whetherthe downregulationof CD44sis combinedwith an upregulationof alternativelysplicec
tumor-related CD44-variants in rat astrocytes must be proven in future experiment:

Meta-Analysis of EMF-Studies: Breast Cancer

Erren TC. Institut und Poliklinik flr Arbeits- und Sozialmedizirder Universitat zu Koln; Koéln;
Germany E-Mail: tim.erren@uni-koeln.de

In 1987, Stevenssuggestedhat extremelylow-frequencyEMFs (ELF-EMFs) and visible light ai
night (LAN) mayincreasehe long-termrisk of breastcancer.(1)r'his wasfollowed by publicatior
of 21 reportsthatfocussedspecificallyon breastcancerasa possiblehazardassociateavith EMF.
22 otherpaperson EMF publishedbetween1983and2000includedcancerof the breastasoneof
severalcancerendpoints Stevens’hypothesidor a melatonin-mediateéffect of electricpoweror
breast cancer risks, although as yet unsubstantiatedprovides a biological rationale for the
interpretationof any associatiorbetweenbreastcancerand EMF asreflecting a causeand effec
phenomenon.

This paperreviewsthe publicationsthat include information aboutpossibleassociation$etwee
exposureto electricand magneticfields (EMF), at work or at home,andrisks of breastcancerin
women and men. The data are groupedin relation to genderof study subjects,type of study
geographicalocation,andmethodusedto asses&xposurewith correspondingrecision-weighte
estimatef pooledrelativerisks (RR). Chi squaredstatisticsareusedto assesshe degreeto whick
differencesbetweerstudieswithin subgroupsinay beattributablesimply to samplingvariability.

The pooledRR from 24 studiesin women,for which estimationof relative risk associatedvith
exposurewas possible,was 1.12 (95% CI: 1.09, 1.15), but variationsbetweenthe contributing
resultsare not easily attributableto chance(P=0.0365) A fairly homogeneousicreasedisk was
found for menbasedon 15 studies(pooledRR of 1.37,with 95% confidencelimits of 1.11,1.71
homogeneityP-value=0.1101)However,in both gendersresultsfrom individual studiesare very



variableand,in part,contradictory.

Interpretationof theseresultsis bedevilledby two problems.First, the questionablespecificity of
the reportedexposureassessment® the EMF rangesof interest.Secondthe possibility that the
generic"breastcancer"descriptionof the putative end-pointmay have obscureda more specific
effect dependenton the menopausabnd/or estrogenreceptorstatusof the individuals studied
Future researchshould therefore include ELF-EMF and light in occupationaland residentie
settings.Moreover, menopausaktatusand/or estrogenreceptorstatusshould be assessedavher
classifyingthediseasen womenandmen,respectively.

1. StevensRG: Electric power use and breastcancer:a hypothesis.American Journal of
Epidemiology125(1987)556- 561

Meta-Analyses of EMF-Studies: Leukemia and Brain  Cancel

A Ahlbom.Instituteof EnvironmentaMedicine Karolinskalnstitutet; StockholmSwedenE-Mail:
Anders.Ahlbom@imm.ki.se

Theissueof a possiblerelationbetweenweak,extremelylow frequencymagnetidields (EMF) anc
cancerremainscontroversialdespitetwo decadesof intenseexperimentaland epidemiologice
researchThereis no establishediophysicalmechanisnthat would explain sucha relation. The
epidemiologicabatathathavebeenassembledincethe original publicationareindicativefor some
cancer sites, but not strong enough for firm conclusionswithout additional support from
experimentalmechanisticresults. There is a generalagreementthat the epidemiologicaldat
provide strongestsupportfor childhoodleukemia.The purposeof this presentationis to review
recentepidemiologicalstudies.Later studieshavemainly focusedon childhoodleukemiaandthis
will thereforealsobe the focusof this review. Thethreestudies all publishedduring 1999will be
discussedBecauseof the high costsandlong timesrequiredfor further studies therehasbeenar
increasingnterestin utilizing availabledataasbestaspossible Thus,EMF andcancemhasbeenthe
topic of severalmeta-analysesSomeof theseare basedon the resultsfrom individual studiesas
publishedin the respectivereports,while othershavebeenbaseduponraw datafrom the various
studies Both typeswill bereviewedanddiscussed.

German Case-Control Study of Childhood Leukemia and Residential Magnetic
Fields

Schizl. Institutefor Medical Statisticsand DocumentationUniversityof Mainz; Mainz; Germany
E-Mail: schuez@imsd.uni-mainz.de

Background:From 1993 to 1997 we conductedan epidemiologicalstudy on childhoodleukemi:
and residentialmagneticfields in the Northwesternpart of Germany(Lower Saxony)and Berlin.
Since the results were inconclusive,in 1998, the EMF-study was expandedto be an ongoinc
nationwidecase-controktudy on childhoodacuteleukemia.Recently,internationalstudieson this
topic were combinedin severalmeta-analysesshowinga consistentvery small risk increaseat
exposuresbove.2uT.



Methods:In our studies measurementsver 24 hoursof theresidential50 Hz-magnetidield were
conductedn the child’s bedroomandin a secondroomin the homewherethe child lived longes
before the date of diagnosis.Spot measurements/ere conductedto identify sourcesof averag
magneticfields exceeding2puT. Furthermorewe collectedinformationon the type of the building
the neighbourhoodraffic density,the degreeof urbanization,and on power lines, undergroun
wiring, transformersandsubstationproximateto the child’s home.

Results:In our previousstudy, 24h-measurementsere performedfor 176 casesand414 controls
The percentagef exposedsubjects(medianmagneticfield greaterthanor equal2uT) was only
2.9%. Oddsratiosrevealeda statisticallynonsignificantincreasg OR=2.3,95%-Cl. 0.8-6.7)base
on nine leukemiacases(5.1%) and eight controls (1.9%) in the high exposuregroup. Stronge
associationsvere observedor youngerchildrenandfor thosebeingexposedo strongemmagneti
fields during the night. Only 3 of 17 median magnetic fields above .2uT were causedby
high-voltage power lines. In our recent nationwide study which involved more than 1,80(
participantsmedianmagnetidields above.2uT wereevenlessfrequent,indicatinga prevalenceof
1.4%. We found strong evidencefor an associatiorbetweenmagneticfields and the type of the
residencewith higher magneticfields in apartmentbuildings. There was also an associatio
between magnetic fields and family net income and proxies for high traffic density. The
measurementlata will be linked with the data from the leukemia study in the near future

Conclusions:If our risk analyseswill show an associationbetweenchildhood leukemia anc
strongermagneticfields, we expectthat only a small fraction of childhoodleukemiacasescan be
explained by exposureto strongerresidentialmagneticfields. This is mainly due to the low
prevalenceof magnetidields above.2uTin Germarresidences.

Thesestudieswerefundedby the Ministry of Social Affairs of Lower Saxonyandby the Germa
Federal Ministry for the Environment, Nuclear Safety and Nature Preservatiol



